FIGURE 1. Nagi's Model of the Process of Disability

Disability Performance Limitations
Physiological Impairment Disease C linicians are often called upon to give professional opinions regarding the functional outcomes associated with neuropsychiatric illness. The use of psychometric data to estimate the capacity to work, live independently, drive, manage finances, or make informed decisions is a familiar practice. The assessment of functional status is also required to classify patients accurately, for example, as part of a dementia case finding or in interpreting the clinical significance of medications that affect cognition.
Despite the clinical relevance of these issues, relatively few studies have explicitly investigated the association between measures of cognition and functional status. It is unclear, for example, how much variance in functional status can be explicitly attributed to cognition independent of major noncognitive covariates. Even less is known about the temporal association between longitudinal changes in cognition and changes in functional status. The relative importance of individual cognitive domains to functional outcomes is unknown, as are the best measures to predict impairment in specific capacities. It is also unknown whether cognition can be associated with functional status generally, or whether individual functional capacities are disproportionately sensitive to cognitive decline.
These issues are particularly relevant to the study of dementia. Both the Diagnostic and Statistical Manual 1 and the National Institute of Neurological, Communicative Disorders, and Stroke (NINCDS) 2 require that dementia-defining cognitive impairments be "associated" with disability. Conversely, increasing attention has been given to so-called "mild cognitive impairment." It is the lack of disability, rather than cognitive impairment per se, that distinguishes mild cognitive impairment from dementia. Moreover, just as cognitive impairment in mild cognitive impairment occurs, by definition, without significant disability, treatmentassociated improvement in cognition has also been observed in the absence of clinically detectable functional gains. Thus, cognitive efficacy alone is not sufficient for clinical drug approval, and pharmaceutical companies are under increasing pressure to demonstrate functional gains as well.
Defining "Functional Impairment"
Although there is tremendous variability in the terminology used to describe functional outcomes, two recent conceptual schemes may help link disability research across disciplines. The first is the Nagi/Institute of Medicine-World Health Organization (WHO) scheme. 3, 4 The second is the "Disablement Process" of Verbrugge and Jette. 5 Both conceptualize functional outcomes as a hierarchically nested set of impairments that arises from fundamental deficits in "physiological" (including cognitive/behavioral) systems (Figure 1 ).
For example, the World Health Organization's (WHO's) International Classification of Impairments, Disabilities and Handicaps (ICIDH) 4 distinguishes three levels of functional deficit. (A recently revised WHO "International Classification of Function" 4 replaces "impairment" with "impairment of a body function and structure," replaces "disability" with "impairment of activity," and replaces "handicap" with "impairment of participation.") "Impairment" occurs at a physical, structural, organ, or system level and involves a missing or malfunctioning body part or system. Dementia is a syndrome of cognitive impairment due to structural or functional brain disease.
"Disability" occurs at the activity level. It involves disturbed function in performance of usual age-appropriate activities, such as feeding, dressing, shopping, or operating a motor vehicle. Impairments in activities of daily living (ADL) and instrumental activities of daily living (IADL) are examples of disabilities.
"Handicap" occurs at the societal level. It involves disturbed function in the performance of social roles, such as employment. In general, this review seeks to understand how cognitive impairments are related to disability, although some papers may attempt to associate cognitive impairment with handicaps. Throughout this review, we will limit the use of these words to their WHO sense.
The Disablement Process 5, 6 represents an important modification of the first scheme. It emphasizes the role that environmental, social, and individual adaptations may play in modifying the functional impact of physical/cognitive impairment. While this scheme encourages the view that disability is not an inevitable consequence of physiological impairment, it essentially champions what the clinical literature might label as "tertiary prevention." This emphasis is inherently less applicable to the present effort in that it obscures the specific association between cognitive impairment and disability. However, it is a useful model because it reminds us that social, environmental and physical variables must be controlled for in order to validly test the specific associations between cognition and functional outcomes.
Activities of Daily Living
Disability has been frequently conceptualized as a hierarchically arranged sequence of self-care abilities. Instrumental activities of daily living refer to capacities that are required for autonomous function within society. 7 Examples include managing finances, transportation, or the telephone. Activities of daily living refer to capacities that are essential to autonomous function at home. 8 Examples include dressing, bathing, and toileting.
The hierarchical relationship among ADLs and IADLs has been the focus of much research. 9 Decline in IADL usually begins after age 80 in community samples, and the impairment of individual activities develops sequentially (i.e., housework Ͼ transportation Ͼ shopping Ͼ meal preparation Ͼ finances). 10 There is also a sequential pattern to the loss of ADL in dementia cases.
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Some authors tend to treat ADL and IADL as interchangeable constructs. 12 However, they may not be. ADL and IADL load on discriminable factors in analyses of community elderly samples. 10 IADL impairment is reported to develop earlier in dementia, 13, 14 has a higher prevalence, 10 and stronger correlations with cognition 15 than ADL. IADL items rating medication management, finances, and telephone usage have the highest correlations with cognition. 10 ADL assessments suffer from ceiling effects and are not particularly useful in distinguishing levels of functioning in healthy elderly community-dwelling adults. 16 In contrast, IADL can even distinguish among noninstitutionalized levels of care.
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Defining Cognitive "Impairment"
Another confusing issue is the definition of "impairment" used in the cognitive, as opposed to the functional assessment, literature. Cognitive performance is often judged statistically against that of "normative" groups. Performance is often discussed in terms of standard deviations (SD). By convention, performance Յ2.0 SD below an appropriate norm is widely considered to be "impaired," although some authors accept lesser thresholds. This convention represents a level of performance which, on a normally distributed measure, has less than a 2.5% chance of being representative of the normative group. Alternatively, percentile ranks are sometimes used to convert raw scores. Scores below the second percentile are often considered "impaired." This standard corresponds roughly to 2.0 SD below the mean. Scores between the third and eighth percentiles are often considered "borderline."
The use of age-specific norms allows for a statistically rigorous definition of acquired cognitive impairments. However, this practice provides no information about the clinical significance of these thresholds. This fact is critical when considering cognition's association with functional outcomes. Specific domains of cognition may vary in the relative strengths of their associations with functional status. Thus, a 1.0 SD change in one domain may have a greater impact on functional status than a 2.0 SD change in another. This explains the tendency of some authors to accept milder thresholds for cognitive "impairment" when testing the clinical significance of cognitive deficits.
Moreover, the conventional practice of using agespecific norms when predicting functional capacity may be flawed. For example, mild cognitive impairment has been defined by some authors as isolated memory deficits Յ1.5 SD below an age adjusted norm and the absence of disability. 18 However, it has been increasingly recognized that nonamnestic patterns of "mild cognitive impairment" may also exist. Isolated deficits in executive control function may be as common as memory impairment. 19 Nonetheless, memory and executive control function have different associations with functional status, and memory may have little association with functional outcomes independent of executive control function. 20 Thus, although memory loss between 2.0 and 1.5 SD below an age adjusted norm may be "mild" in the sense that it has little impact on functional status,
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executive control function impairment in the same range can be debilitating.
For example, the mean Executive Interview (EXIT25) 21 score among septuagenarian retirement community residents with advanced educations and few comorbid conditions is 14.6/50 (i.e., beyond the fifth percentile for young adults and near the threshold for clinically significant functional disability). 22 This is already a clinically significant level of executive impairment. An EXIT25 score of 15/50 accurately predicts the capacity of elderly patients with chronic obstructive pulmonary disease to learn to manage an inhaler. 23 Nonetheless, only 7% of retirement community residents fail the EXIT25 at 22/50. This represents a statistical threshold of 1.5 SD beyond the age-specific mean. 22 Ironically, this statistically defined "mild" executive impairment is actually near the mean for institutionalized nursing home residents. 24 These observations suggest that cognition may need to be judged against young adult performance when predicting functional outcomes. 25 Such a practice would greatly increase the prevalence of "clinically significant" cognitive impairments in older persons, but might also improve the ability of cognitive measures to predict functional outcomes. Other disciplines have dispensed with age-specific norms as they can be demonstrated to underestimate clinical risks. For example, blood glucose and blood pressure are no longer age-adjusted but instead used as continuous variables when predicting clinical outcomes.
Functional Assessment
There is little consensus regarding how best to measure functional outcomes. General overviews to this literature, including sources for assessment scales, can be found in Kemp and Mitchell, 9 McCue, 26 Park, 15 Gallo et al., 27 and Pearson. 28 Several dichotomies need to be considered when choosing a functional outcome measure.
"Subjective" Versus "Objective" Assessments First, it is important to distinguish between "subjective"versus "objective" assessments. Functional status is commonly based on self-reported information. Though it is widely understood that cognitive impairment may eventually compromise the validity of self-report, the specific determinants of this capacity have received little study. 29, 30 Thus, it is common practice to engage caregivers, or others familiar with the patient, to perform the ratings ("proxy"-based measures). However, this, too, is potentially flawed. Caregivers vary widely in their actual contact with the patient and in their own capacities to provide valid information.
"Performance-based" functional assessments have been developed as "objective" alternatives to selfreported measures. "Direct observation" measures require the patient to demonstrate an IADL activity to a trained observer. "Performance-based" measures often involve "motor" tasks, such as a "timed walk," which are increasingly recognized to have strong cognitive components as well. 31 Though these are more objective, they are also frequently difficult to administer, and thus better suited to academic, as opposed to clinical, applications. Self-reported functional status can differ significantly from "objectively" acquired information, particularly performance-based assessments.
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"Global" Versus "Specific" Second, it is important to distinguish between "global" versus "specific" functional capacities. ADL and IADL items are generally summed to estimate "global" functional status across multiple activities. Alternatively, some measures are designed specifically to assess a single functional capacity. These notably include what we might label as "forensic" measures (e.g., driving, financial or medical decision-making, informed consent, or autonomy). The cognitive correlates of specific functional capacities are widely held to differ, both from each other and from general functional capacities, although this premise has seldom been tested empirically.
Univariate Versus Latent Constructs
Finally, it is important to distinguish between univariate functional measures, or indices, and latent multidimensional constructs. Like cognition, functional status is a multidimensional construct. Either can be conceived of as a latent construct, derived from the shared variance across multiple individual measures. [33] [34] [35] This approach has the advantage of reducing measurement error but has the disadvantage of developing constructs that lack face validity and are unwieldy for clinical applications.
In this article, the American Neuropsychiatric Association's Committee on Research (ANPACOR) has investigated the published associations between cognitive and functional status measures in order to better understand the objective strength of their association and its implications for clinical diagnosis and assessment.
METHOD
It was the Committee's intention to review the published specific partial correlations, from adjusted mul-ROYALL et al. tivariate models, between individual measures of cognition and functional outcomes. Only continuous multivariate models (i.e., linear regression, discriminant analyses and/or factor analyses) were considered. Each of these statistical methods is capable of providing meaningful information on the relative strength of each predictor variable's independent association with functional status. The limitations to this approach are discussed in detail below. Unadjusted univariate correlations were ignored. Wherever possible, we searched for multivariate models that included multiple cognitive predictor variables. Logistic regressions and analyses of variance (ANOVA) were also ignored, as these methods only produce "odds ratios" of dichotomous outcomes. These results are potentially misleading as adjusted models may produce seemingly high odds of relatively weak or rare effects. Where multiple functional outcomes were modeled, the results from each model were reported separately.
Results are reported as variances (i.e., R 2 ). When only the partial correlation (r) was reported, we squared it to produce this value. Standardized coefficients (b) were interpreted as partial correlations (i.e., as "r"). Unstandardized coefficients (B) were converted to standardized coefficients before calculating their variances as follows:
b‫ס‬B ‫ן‬ [SD of the independent/SD of the dependent variable]
Variances are reported to three decimal places. We have included data on each cognitive predictor in these multivariate models, even those that did not achieve statistical significance. In cases where a measure failed to contribute significantly to the variance in functional status independently of covariates, it was assigned an R 2 of 0.0, unless a specific partial r or R 2 was available. Detailed information on the cognitive and functional measures reported in these models, as well as their original sources, are included in a data supplement that accompanies the online version of this article.
The core of this review is based on a literature search conducted in August of 2004. We considered all English language articles and reviews published after 1966 and that were listed in the MEDLINE, OVID, or PUB-MED databases, and contained the keywords "ADL," "autonomy" "capacity," "competency," "disability," "frailty," "functional capacity," "functional impairment," "functional outcomes," "functional status," "independence," "IADLs" or "outcomes," and "cognition," "mental status" or "dementia." Broad terms were used because of our impression that little data would be available at this stage in the literature's development. This search resulted in 4,731 abstracts. Only peerreviewed analytical articles whose abstracts contained the word "regression" were retained. This resulted in the selection of 352 abstracts. These were reviewed by a member of the project team (D.R.R.), who rejected 252 irrelevant articles. Each of the remaining 100 was pulled and carefully reviewed for relevant data (i.e., multivariate models from which the partial variance in functional outcomes that can be specifically attributed to one or more cognitive measures could be derived).
The original search was then further supplemented by backtracking to original sources, and scholarly reviews of related topics. In addition, the original computer search strategy was repeated in the spring of 2005, to take advantage of the rapidly increasing volume of research in this area.
RESULTS
Our search identified 68 papers, offering 156 separate regression models, comprising 812 individual unique associations between a cognitive measure and a functional outcome. Figure 2 presents a histogram of the distribution of the source documents by publication year. 
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Twenty-seven references (39.7%) were drawn from the neuropsychiatric literature. Thirty-four (50%) were drawn from the geriatric literature. Seven (10.3%) were drawn from the rehabilitation or other literature. Figure 3 presents the distribution of total variance in functional outcomes which could be specifically attributed to cognitive measures (N‫651ס‬ models).
The total variance explained ranged from 0.0% to 78.0%. On average, cognition explained 21.0% of variance in functional outcomes (SD‫.)%2.02ס‬ The median value was slightly less (i.e., 15.9%). Figure 4 presents the mean unique variance explained as a function of cognitive domain.
Executive and general cognitive measures explained significantly more variance in functional outcomes than did memory, attention, or verbal measures (by Tukey's Honest Significant Difference (HSD) test for unequal N, all pϽ0.001). General cognition also explained significantly more variance (on average) than either executive control function (by Tukey's honest significant difference, p‫)400.0ס‬ or visuospatial measures (pϽ0.001). (EXIT25) 21 (12 models comprising 813 subjects), the face/hand test (one model, including 26 subjects), and the Neuro-Cognitive Status Examination (NCSE) "Judgment" subscale (three models, including 86 subjects), and a "word series" task (two models, including 147 subjects) explained more than 20% of the variance, on average, in functional outcomes. Figure 7 presents the specific unique variance in functional outcomes associated with 11 measures of general cognition (mean R 2 ‫8.11ס‬ [SD‫.)]%8.61ס‬ The Blessed Information Memory Concentration (BIMC) (total score) (two models comprising 338 subjects), MDRS (five models, including 284 subjects), NeuroCog (one model comprising 46 subjects), and a "general cognition composite" (one model, including 65 subjects) 36 each explained more than 20% of the variance, on average, in functional outcomes.
A significant subset of models used either ADLs (N‫)42ס‬ or IADLs (N‫)65ס‬ as outcomes. The type of functional measure employed had no significant effect on the total variance attributable to cognition (by ANOVA: F[1, ‫,71.0ס]87‬ p‫.)86.0ס‬ However, there was a trend for the explained variance in functional status to increase if executive measures were employed to predict IADLs (by ANOVA: interaction term F[1, ‫,27.2ס]67‬ p‫.)01.0ס‬ In contrast, the variance explained in IADLs tended to go down (relative to ADL models) in those that lacked executive predictors (Figure 8 ). 
DISCUSSION
We have reviewed the contribution of cognitive measures to models of functional outcomes. Their association appears modest, at best. The median total variance in functional outcomes that could be specifically attributed to cognition was less than 20%, corresponding to a "moderate" correlation of rՅ0.40. Most individual cognitive measures made statistically insignificant contributions to functional outcomes. In fact, several potential models were omitted from this review because their authors chose not to include any cognitive predictors after failing to find significant unadjusted associations. 37, 38 Many bivariate associations were attenuated by the addition of covariates, including cognitive covariates. This suggests colinearity among the predictors and, hence, redundancy in cognitive batteries. A more selective use of psychometric testing might do an equally good job of predicting functional outcomes. In fact, simple cognitive screening tests may be more strongly associated with functional outcomes than are many formal neuropsychometric measures.
However, this analysis may have limitations which constrain the conclusions we can draw from these data. Standardized b regression coefficients only provide information on the relative importance of the predictor variables. We cannot fully describe their absolute contributions to functional outcomes because the variance shared by multiple predictors cannot be easily disentangled. 39 This means that the ranking of a particular predictor is influenced, in part, by other predictors in the model. The same predictor might rank differently in another model with different covariates. This issue is illustrated in Figure 9 , which represents In Figure 9 , a Venn diagram is used to represent the variance in each variable. Age, executive control function, and memory are intercorrelated (i.e., they share variance). Age reduces the fraction of variance in ADL that might otherwise be attributed to cognition. The shaded regions represent the remaining "total" variance in ADL that can be attributed to cognition. This is equiv- Memory's association after adjustment for ECF alent to our models' "total cognitive variances," presented in Figure 3 . However, executive control function is more strongly associated with ADL, in this model, than is memory. Thus, executive control function further "attenuates" memory's apparent unadjusted association with ADL. Memory's unique contribution to ADL, independent of both age and executive control function, is relatively small, and may not be significant. Figures 4 to 6 represent these "unique" contributions to functional status, independent of all other covariates.
The models we reviewed varied widely with regard to the cognitive measures employed, the functional measures modeled, and the subjects under study. Although any of these factors may affect the variance associated with any particular cognitive measure, we can still be confident of the relative independent contributions of each predictor. We can also test the adequacy of cognition's total predictive power in models that include multiple cognitive predictors. The fact that a particular cognitive measure/domain might have appeared to be a better predictor than certain covariates is of little comfort, as it would probably be observed only at the expense of the total variance explained (i.e., by "underfitting" the model). Moreover, the fact that these models can never completely disentangle the association between individual cognitive measures' functional status is mitigated by the fact that we have reviewed a large number of associations (i.e., 156 models, employing 147 cognitive, and 65 functional measures, resulting in over 800 specific unique cognitive ‫ן‬ functional associations). In their aggregate, individual differences will tend to even out across studies.
A more serious issue is the order in which individual measures and covariates may have been "forced" into some models, particularly hierarchical stepwise regression models (HSRM). This approach is often used by authors who have a priori assumptions about the associations they are testing. Not only can this introduce a certain bias to the model, it can also affect the apparent strength of the association between each predictor and functional outcome, as a function of the order in which the authors chose to introduce them. 40 However, this is only relevant to "forced" models, as unforced predictors will enter a model in proportion to the relative strength of their associations with functional status. Only 10 of the models we examined used HSRM. The type of regression employed (i.e., HSRM versus unforced stepwise or simple multivariate regression) had no significant effect on the total variance in functional outcomes explained by cognitive predictors (i.e., by ANOVA: df [1, 154] F‫,66.2ס‬ pϾ0.05). Moreover, the specific variables forced into HSRM models should average out across the entire dataset.
Finally, the total variance in functional status that is specifically attributable to cognition will remain the same, regardless of the order in which two cognitive predictors are entered. To the extent that the associations we report in Figure 3 appear surprisingly small, they reflect a general failure of cognitive measures to attenuate the associations of other covariates and/or their redundancy (i.e., the shared variance) with other cognitive predictors. Either way, it appears that the psychometric prediction of functional outcomes could be improved by increased attention to the specific cognitive domains that are most strongly associated with disability, and a more parsimonious use of cognitive measures to achieve that goal.
A surprising finding was the relatively strong association between tests of "general" cognition and functional status. This category included brief measures, such as the Mattis Dementia Rating Scale (MDRS), 41 the Mini-Mental State Exam (MMSE), 42 and the Short Por- [1, 151 ] F‫,9.5ס‬ pϽ0.02). Thus, the variance explained by "general" cognitive measures (e.g., the MDRS) in poorly adjusted models can, on occasion, be shown to be fully mediated by the specific cognitive domains they encompass. 44 Nevertheless, the source of these measures' association with functional outcomes deserves further study. This is especially true, given that many formal measures of the cognitive domains thought to be assessed by general measures do not themselves explain much variance in functional outcomes.
We could not confirm the widely held impression that cognitive measures are more strongly associated with "higher order" IADLs than "basic" ADLs. 14 In general, cognitive measures were equally poor at estimating either IADLs or ADLs. However, the association between cognition and IADLs, as opposed to ADLs, may be domain-specific. We observed a trend for the variance explained in IADL to be increased by the use of executive predictors. In contrast, memory tended to explain less variance in IADL than executive control function, although the two were equally (modestly) associated with ADL. On average, executive control function explained at least three times as much variance in functional outcomes than memory, regardless of the specific measures employed (Figure 4) .
In contrast to general functional outcomes, forensic capacities appeared to be much more strongly associated with cognition. Once again, general and executive control function measures dominated these studies. [45] [46] [47] [48] This is most notable in Dymek et al.'s 48 study of the capacity to give informed consent for medical care among 20 patients with Parkinson's disease. They administered a comprehensive battery of cognitive measures and then used these data to construct multivariate regression models of increasingly restrictive standards of consent, as measured by the Capacity to Consent to Treatment Instrument. 45, 46, 49 Only the EXIT25 and MDRS Memory contributed significantly, independently of any other cognitive measures. The EXIT25 was the only significant correlate of a "rational reasons" standard of consent, explaining 45% of the variance. Similarly, it explained 56% of the variance in an "understanding treatment" standard. MDRS Memory explained an additional 12% of variance, and was the only significant predictor of the least restrictive "evidencing choice" standard. Although relatively few studies have specifically addressed the cognitive correlates of forensic capacities, the available studies already suggest both that cognition makes a robust contribution, and that the major cognitive correlates are similar to those that best explain general functional abilities.
Finally, we note that measures of behavior often appeared to be more strongly associated with disability than cognitive measures. 50, 51 Thus, Norton et al. 51 found that dysexecutive behaviors, as rated by the Frontal Lobe Personality Scale (FLOPS), 52 were more strongly related to ADLs than was executive function per se, as rated by the MDRS initiation/perseveration subscale. 41 In fact, the MDRS's association was completely mediated by measures of apathy and depression rather than by executive function. The relatively strong association between behavior and functional status is possibly an artifact of need for a single rater to measure both the dependent and the independent variables in many such models. However, it is also possible that behavioral assessments may have stronger validity as predictors of functional outcomes than do cognitive measures. This is consistent with the rather modest range of associations between cognition and disability found in this review, and might have important implications for dementia case-definitions and clinical trial outcome selection. Such studies suggest that behavior mediates cognition's association with disability. This focuses attention on the cognitive correlates of behavior and opens up the possibility of behaviorally based mild cognitive impairment and dementia case definitions. At the very least, it implies that cognition should seldom be used alone to predict functional capacity. More accurate predictions might be obtained through multidimensional assessments.
TABLE 1. Conclusions and Directions for Future Research
Conclusions
Related Research Questions 1. Cognition is weakly to moderately associated with functional status, regardless of the methods and populations used to assess these domains.
Are current cognitive batteries "comprehensive"? Might we be missing other dimensions of cognition? Is the association between cognition and functional status linear? 2. Cognition is not generally more strongly associated with IADL than ADL, although ECF may be.
Are there better ways to measure functional outcomes?
3. With the exception of ECF measures, "general cognition" screening measures are more strongly associated with disability than most formal cognitive measures.
Is general cognition's relatively strong association an artifact of older, poorly fit models? Is general cognition's relatively strong association mediated by either a single domain of cognition, or a select subset of cognitive domains, or is it independent of specific cognitive functions? Do different dimensions of ECF differ in their associations with functional status? 4. "Executive function" is most strongly related to specific "higher" cognitive capacities.
Does behavior mediate cognition's association with disability? Do specific behaviors . . . ? Is dementia best defined by the specific behavior changes that predict disability or the statistically weaker cognitive changes that underlie those behaviors? If cognition is the best measure by which to understand dementia, then is memory impairment (which is weakly associated with disability, and may have no association independently of ECF) an "essential" feature of that syndrome or an artifact of the unique qualities of Alzheimer's pathology?
ADL‫ס‬Activities of daily living; ECF‫ס‬Executive control function
Implications
These findings appear to leave neuropsychiatry on the horns of a dilemma. Either cognition is not as strongly associated with disability as we might imagine, or currently available measures are inadequate to demonstrate their true association. There might be many reasons for the latter interpretation. Cognitive testing can be criticized for educational, linguistic, or cultural biases and low ecological validity. Alternatively, the validity of functional status measures may be questioned, particularly those that rely on patient self-report or the report of cognitively impaired, or socially distant relatives. Future research should target both domains for the development of new assessment methods (Table 1) .
Though it is clear that we are not likely to demonstrate the "true" association between cognition and functional status until valid "gold standards" are available in both domains, this review reveals that the current state of the art fails to support the widespread use of cognitive measures to predict measurable changes in functional outcomes.
This does not preclude the use of cognitive testing for clinical purposes. In clinical practice, the utility of a predictive measure is often judged by its sensitivity, specificity and adequate positive and negative predictive power given the anticipated base-rates of impairment in specific populations. When functional impairment can be dichotomized, techniques such as logistic regression or receiver operating characteristic (ROC) curves can provide useful actuarial information to the clinician. A significant limitation of this review is that it does not address the utility of cognitive measures as predictors of dichotomous clinical outcomes. However, the small amount of shared variance in the models we reviewed does speak to possible inadequacies in our models of cognitively mediated functional declines.
Another explanation for the generally weak associations we found might be that cognition and functional status are nonlinearly related. 22 A growing body of latent growth curve models shows significant nonlinearity in the rates of change in cognition. 20, 22, [53] [54] [55] [56] [57] Natural systems are often characterized by nonlinear transitions. It may be that there exist thresholds for clinically significant cognitive impairments that are not well described by linear regression models (of the types reviewed in these studies).
The true association between cognition and functional status may also be obscured by potent baseline covariates (such as age). Longitudinal studies may offer a better approach to studying the specific association between cognition and functional status. Stuck et al. 58 have reviewed a small number of such studies and found cognitive impairment to be a relatively strong predictor of
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functional decline. However, their analysis assessed only the quality of the statistical association between these variables. It did not address the strength of the association (as in this study). Moreover, few of the reviewed studies longitudinally covaried measures of cognition and functional status. However, when this is actually attempted, the rates of change in cognition and functional status can be shown to be more strongly associated with each other than their cross-sectional baseline associations suggest. 20, 59 Another explanation may include selection biases that accrue from certain patterns of cognitive impairment. For example, severely cognitively impaired persons may resist study recruitment and/or follow-up. Conversely, mild executive impairments may favor subject recruitment and/or alter subject assessment of perceived study risks. 60 Finally, it may be that our conceptualization of "cognition" is still not comprehensive, and that there are more relevant aspects waiting to be described. After all, the psychometric enterprise is itself barely a century old, and many of the measures used in these studies have origins in cognitive models that are decades old. Executive function itself escaped clinical attention until the 1990s, although it is one of the stronger predictors of functional status we identified. 61 Factor analyses suggest a psychometric bias toward measures of memory and verbal abilities. This may render such batteries insensitive to functional outcomes, as these cognitive dimensions proved to be poor predictors of variance in functional status in this review. For example, Loewenstein et al. 62 factor-analyzed an extensive battery of psychometric and functional status measures among 166 patients with Alzheimer's disease. Six factors were extracted. However, none of the psychometric measures in Loewenstein et al.'s battery loaded on the factors associated with functional outcomes.
A bias toward measures of memory and verbal abilities, at the expense of nonverbal and executive function, may also render psychometric batteries less sensitive to right hemisphere and/or frontal lesions. These are relatively strongly associated with age and functional status. 53, 59 Ardila and Pineda 63 factor-analyzed a battery of 32 nonverbal measures in 156 subjects ages 26 to 60. Five factors explained 72.6% of the variance in this battery. Executive control function emerged as the dominant factor and accounted for 30% of the total variance. In contrast, "memory" explained Ͻ8% of the variance. Pursuing the cognitive correlates of behavior might be another approach to the detection and description of other "dark regions" of cognition.
Our review also suggests that the neuropsychiatric and geriatric/rehabilitation literatures could benefit from closer collaboration. For example, the neuropsychiatric literature might benefit from a more rigorous treatment of functional status. Despite the fact that there is an extensive literature on this subject, including formal conceptual schemes 4, 5 and well validated assessment methods, there is still no consensus within the neuropsychiatric field regarding 1) the types of functional deficits which are most strongly associated with cognition, 2) the dimension(s) of cognition which is/are most relevant to functional outcomes, 3) the relevance of different types of disability or handicap to dementia case finding, or 4) the minimum severity of disability required to establish certain diagnoses (notably mild cognitive impairment and dementia). Seven of 26 (27%) models we identified in the neuropsychiatric literature used self-reported ADL or IADL as their only functional outcome.
On the other hand, the disability literature also suffers from inattention to neuropsychiatry. Sixty-nine percent of the models that included global cognitive screening measures were derived from the geriatric/rehabilitation literature. Although "general" cognitive measures are relatively strong predictors of functional outcomes (Figure 7) , they may underestimate executive control function impairment and are attenuated by executive control function measures. 64 Models that are limited to general cognitive screening measures may underestimate both cognition's true association with functional status and the prevalence of disabling cognitive decline. For example, Spector and Kemper 65 estimate that 58% of cognitively impaired persons with IADL impairments require Ͼ21 hours of home care/week. However, 45% of supposedly "noncognitively impaired" persons present with IADL limitations that require a similar level of supervision. It remains to be seen if such "noncognitively impaired" persons with disabilities are truly free of executive control function impairments. If they are not, then the class of persons with "all cause dementia" may have to be substantially revised upward.
Neuropsychiatry can also inform the development of functional status measures. For example, although it is widely understood in neuropsychiatry that cognitive impairment may compromise the validity of self-report, the specific determinants of the capacity to give report on functional outcomes have received little study. 30 Loss of "insight" into functional capacities may be related to other types of anosognosia, which in turn has been associated with right hemisphere lesions and nonverbal tests of executive control, such as clock-drawing. 66 Caregiver ratings may not fare much better than patient self-rated measures of functional status. Wadley et al. 67 examined the reliability associated with caregiver versus patient self-rated versions of financial capacity in Alzheimer's disease. As expected, caregiver ratings were judged as more valid than patient self-ratings. However, even caregiver ratings had poor test-retest reliability. Performance-based functional measures such as the Direct Assessment of Functional Status (DAFS), 68 the Independent Living Scale (ILS) 69 and the Structured Assessment of Independent Living Scales (SAILS) 70 may offer an alternative to traditional self-report. Alternatively, it may be feasible to screen for the capacity to provide self/informant-rated functional outcome information using relatively simple screening measures. 71 Functional outcome measures might also benefit from more rigorous empirical testing of their cognitive requirements.
The question of cognition's association with functional outcomes is particularly relevant to dementia research. Current diagnostic schemes universally agree that cognitive impairment alone is insufficient to justify a diagnosis of dementia. Instead, these impairments must "account for" disability. Unfortunately, diagnostic criteria do not specify how this disability is to be assessed and whether disability alone (as opposed to handicap) is sufficient for the diagnosis.
Moreover, the fact that specific dimensions of cognition appear to disproportionately account for the observable variance in disability has the potential to revolutionize dementia case finding. This is because current case definitions insist on memory loss as an "essential" feature of dementia. However, memory impairment does not appear to contribute much variance to multivariate models of disability (Figures 4 and 5) . Thus, memory impairment does not appear to satisfy the requirement for a "disabling" cognitive decline. Executive control function appears more likely to explain the disability of demented cases 20 and thus remains a candidate for dementia's "essential" cognitive impairment. However, the prevalence of disabling executive control function impairment is high and might significantly alter our conceptualization of who is or is not "demented." 61 Similarly, mild cognitive impairment has been defined by cognitive impairment in the absence of disability. 72 However, there has been little rigorous attention to the empirical validation of the "absence of disability." Thus, mild cognitive impairment samples vary widely with regard to their observed levels of disability. 73, 74 In particular, so-called "amnestic" mild cognitive impairment might be expected to have relatively little disability given memory's weak effects on functional outcomes (Figure 3) . In contrast, isolated executive control function impairment, which cannot now be coded as "dementia" in the absence of memory impairment, risks to be labeled as "subclinical" despite its stronger empirical association with functional outcomes. 17 Finally, it is most likely that many "amnestic" mild cognitive impairment cases actually do have both comorbid executive control function impairments and disability. 19 Such cases could plausibly meet criteria for "dementia" if either their functional status or executive control function were more rigorously assessed. At present, mild cognitive impairment cases are often distinguished from dementia solely on the basis of a Clinical Dementia Rating (CDR) Scale score. 75 However, this measure has not been validated as a measure of disability and may select for mild cognitive impairment cases that cannot be distinguished from dementia on the basis of their IADL. 76 In summary, the variance in functional status that can be specifically attributed to cognition is surprisingly modest. Psychometric batteries may have to be redesigned to maximize their capacity to capture the variance in functional outcomes, and to minimize redundancy and respondent burden. Some cognitive domains may be more relevant to functional capacity than others. This is of particular significance to dementia case finding, epidemiology, and treatment. Moreover, executive control function measures are particularly strong correlates of forensic capacities, including medical or financial decision making. "General" cognitive screening tests are also relatively strong correlates of functional status. This observation deserves further study. Progress may be made by integrating the extensive literature on functional status with the equally extensive literature on cognitive assessment.
